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Abs( rac(---NASs’s  New Millennium Program
(NMP) will accelerate the infusion of [cchnolo-
gies into its space and Earth science missions of
the 2] st ceritury. The program plans  a series of
technology-validation flights in the 1998-2000
time frame, anticipating a rate of two flights per
year, whicl~ will demons[ratc technologies for
deep space and Earth-orbiting missions.

In tandem with developing and validating new
technologies, NM]’ is also undct-taking  new
management apprcrachq  paI [icularl y in the area
of partnering bctwccn govcmmcnt ant] indus-
tty. A novel  application of Lhe concept of inte-
grated product development tcalns (lPDTs) is
being pursued: one in which ctoss-otganiza-
tional teams, made up of members from govern-
ment, industry, and academia, creale  roadmaps
for development of the high pay-off tcchnolo-
gim that NMP intends to flight validate. The
1P13T approach is expccled  to reduce cost and
improve product.

This paper discusses the management challenges<
that must be addressed today in order to more
efficiently undertake space ex])loration  and
Earth observation in the 2 1st century: the ncw
millennium.
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Give)l  the nation’s current fiscal environment, as
well as public opil~ion  regarding the space pro-
gram, NASA’s Nh4P is developing revolutionary
new [ethnology ancl pioneering innovative nlan-
a.genwnt  practices to ensure a hi@ly cost-ef{ec-
tive space and Earth science prog~-am for the
2 1st century. ‘(l’asLcr, better, cheaper” has be-
coxnc the hallmark of the way NMP does busi-
ness. Our challenge is to increase both the
frcq~m]cy  of futtrl  e missions and the rate of
science  data returt~,  while sin~ultancoudy  bring-
ing down overal]  cxpe]iditures.

in the past, decisions governing the design and
imp] ernentation  c)f space missions were made
himrchicallyancl sequmtiallybycf  iscretegtoups
of people who wmkcd toward indivic]ual  goals.
Nom’, new rna~]a~,cment  techniques of concur-
rerr~ team decisiotl-rnaking  have been created to
emphasize a corm non end goal of lower cost and
better-quality ])rc)duct,  and the la~-gcr  picture,
that of enhancing llutnankind’s information
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about [he universe, is being focused upon. Un-
der the aegis of NMP, g,ovcrnmen[,  indus[ry,
and academia will partner in such a way that
decision-making towa]d a common goal will be
made concurrently by representatives from each
area.

2. MANAGEMEN-I  Cl) NCIIYI- Ctww

W1l’I 1 ] NI)USIXY

NMP is focusing on and planning to improve
specific aspcc[s of the governrnent-induslry re-
lationship through (he follc)wing  three aclions:

●

●

●

Early industry involvement

Getting cm contracts more quickly

Shif[ing  the government--industry interface.

Early Industry Invofvmen[

lnte,grakd  Produc(  Development Teams—-l-he con-
cept of integrated produc[ development teams
(11’111’s)  has recently been successfully applied
throughout much of private industry. An IPDT
is generally formed wit,llin  a company by bring-
ing together members ft-om its manufacturing,
sales, and operations personnel to look at a
produc[  in a total, integrated sense: Concurrent.
sales and scrvicc  feedback of a product while iL
is being designed and manufactured is typical of
what an 1 PD1” can accomplish, and this has
proven to be very effective in product designing
and deploy merit..

Aulomotivc  and ail-craft  companies are good
examples of private industty organizations whet-c
IPDTs have been highly effective in sinlulta-
neously  ilnproving the quality of a product
while reducing its cost [ 1 ]; customer satisfac-
tion is thus increased by a considerable margin.
So, though it is often difficult for personnel to
work together across depamnental  barriers in
an organization, it is evident that the lPD-r
approac}l  of cross-departmental representation
and input toward developing a product allows
for significant quality and COSL improvement of
that product.

New Millennium Program IPDTs–-NASA’S  NMP
I/as taken the conc-epL  of IPDTs beyond the
intert\epar[mental organizational level and ap-
plied it to a higher level, one that reaches across
orgmiiza(ions,  wlm-c barriers have traditionally
been harder to surmount. NMP has formed
lPDIs among government, inclustry,  and
academia, givint, the teams the mandate to de-
VCIO])  roadmaps for specific technologies and [o
blin~, those (echnologics  to a scheduled state of
readiness for fli~ht validation by the program.
By setting a hi@r, “global” goal, as it were,
rather than an individual-member ‘(local” goal,
the 11 ‘D1’ nwmbcrs work together with a mutual
understanding of each other’s preferences and
of the obstacles each may face. “Multifunctional
teams establish the structure that brings the
nece<aty  people . . . into real-time contact to ac-
celerate the speed of learning. [They]  provide a
coml non fot urn for overlapping problem solv-
ing.” [2]

For instance, i]] the area of design, it is the
prevailing belief that design teams can work
togelher  without requiring that their members
be physically collocated in order to modify or
change existing designs and create a final prod-
uct. In contrast, NMP believes that if there is
intcllsivc  c1 cative design work involved, for a
project such as sencling  a spacecraft toJupiter or
Pluto, it is extremely important that design team
men Ibers be in close physical proximity and
have cons[ant  vcrl)al  contact. NMP views cre-
ative design as a contact sport, as it were, and
believes the best I mtlts emerge  from physical
cent act and joint teamwork toward asinglc goal.

lndus(ry ]nvokmen[  with NMP IPDTs-NMP  is
placing pal [icular focus on involving induss[ry
early in govet  nmcnt’s technology development
cycle, to allow the commercialization conlpo-
nent into t}lc process and realize a more nmtu-
ally cost-belwficial  technology development plan
fronl the s[art. Academia, too, is being exposed
to government technology needs earlier so that
its t nenhels  can steer research programs ac -
cor(lingly.
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_llIc NMP ll’l)-l’s – - composed of eight to ten
nwmbct-s each in the areas of Autonomy, C.onl-
municalions  Systems, Microelectronics Systcrms,
Instruments and Microclectromechanical  Sys-
tctns  (MEMS), and Modular and Multifunc-
tional Syslems — are functioning extremely
well in breaking down historical barriers be-
tween industry and govermmcnt  to produce a
“win-win” product for everyone. Many of the
ques[ionsvoictxl  carlyon in [he formation oft}~e
IPIN’s, such as team size, change of leadership
or nwmbcrship,  frequency of meetings, cross-
team fertilization, and intellectual righ[s, have
been addressed and resolved by the teams then~-
sehws. An important philosophy used in this
respect was [O set Up these teams in a sclf-
governing mode and allow them to develop the
means to deal wi[h these kinds of problems
“Vertical compnxsion  means thal at points in
the process where workers used to have to go up
(hc managerial hierarchy for an answer, they
now make their own decisicms. lns[eacl  of sepa-
rating decision-making from real work, deci-
sion-making bccomcs par-( of the work.” [3]

As members of [hc 1PI13’s,  indust ~ y representa-
tives are involved early on in developing tech-
nology roaclmaps so [hey can influence those
fcatul-es  that are of industry-particular impor-
tance from the very beginning. Such considcr-
a[ion.s  as whc[hcr or  not  a  proctuc[  i s
manufacturable, or whether it can be repro-
duced  in a s[andardizcd  model, may cause final
product performance to fall short of an expected
ideal, but when recognized for their specific
commercial importance to industry these colI-
sidcra[ions  may bc more acceptable 10 all lPD1’
members. lt is to NASA’s benefit in the long run
if commercial application of technology is en-
hanced and cxpcditcd;  reduced cost and in~-
provcd rcliahility of products arc good examples
of such benefits.

Each NMP tcchno]ogy-validation  flight team
will have an industry mcrnber  who will bc
sclcc[cd  as cal-ty on in the flighl-concept dcvcl  -

opine] It cycle as po.ssihle.  Though this son]c-
what (-omplicate-s  tllc development process —-
in the sense ttla[ without a comprehensive nlis-
sion c)r spacecraft design  it is difficult for the
indu.sl ry member to propose a realistic in~plc-
mcntation cost — - NMP bclicvcs that the sooner
the industry partner can be involved in the
mission and spacecraft design, the more the
partner can contribute to proposing a highly
cost-e ffec[ivc  inqdenle]ltation  \ailored  to his ca-
pabilities. We arc selecting indus~ry partners as
early as possible, albeit without a definitive
scope of wotk, using their overall performance
capat)ility  (past and ongoing) as a gauge. l;xpc-
riencc tells m t}lat personnel capability is the
most critical elc]nent  to mission success.

NMP Wor-kshops---NMI’ will conduct annual
technology workshops for the sole purpose of
continually bringing new players and ideas to
the fc)refront. The 11’IJl”s will present the current
versions of their roadmaps, technology-valida-
tion {light  plans, and any flight or ground tcs[
resul[s a[ these wor k+ops,  which are expected
to pr ovidc crois-fertilization among the IPDTS
as w(II as increase interactions among govcrn-
rncn(,  industry, and academia.

lndustl”y  par[ncrs for both the IPDTs and the
fligh( teams will be selected according to their
capabili[ics,  t-ather than by their ability to write
pro~ )osals for specific design implementation.
‘I”his approach I educes  [he amount of work the
govcrnmcn[  has to do in preparing a Request for
Pro] )osal (l<l;l’) and in evaluating rcssponsess,  and
reduces the work industry has to do in req>ond-
ing, to an I< I; I’. Not only is the work of both
partlcs significantly teduccd, but the time spent
by NMP to get orl corltract is reduced to a bare
minimum. For example, 230 companies sub-
mit ted pro] wsals for rncmbcrship in the NMP
11’1)”1s;  24 were selected and on contract (this
includes full nc~otiations)  within eight WCCLS.
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FOUF{ INTEGRATED PRODUCT DEVELOPMENT TEAMS

E--l

● 23 DIFFERENT ORGANIZATIONS SELECTED

59 DAYS FROM RFP  TO SELECTION

● ALL CONTRACTS FINALIZED IN LESS THAN 21 DAYS

instrument/MEMS INTEGRATED [IRODUCT DEVELOPMENT TEAM

F:::!. SCIENTISTS INVO1.VED IN FIEVIE:W

● 30 DAYS FROM RFP 1’0 SELECTION

● ALL CONTRACTS FINALIZED IN 21 DAYS

DEEP SPACE [’LIGHT 1 PAFITNER

[

_— ____ — .— .-
. 17 RFPs RE1 EASED, 8 PROPOSALS RECEIVED

. 4 IN COMPE.  flTIVE RANGE, SPECTfWM  ASTRO SELECTED

. 33 DAYS FROM RFP TO SELECTION

I . CONTRACI FINALIZf:D  IN 14 DAYS

I;igurc 1. NMP Procurement Accomplishti~ents

whetcin the specific strengths of each are con~-
binecl in a way tllal government funds are used
most cost- cffectivcly, keeping in mind the
public’s best intetest. [4]

Figure 1 sumtnariz.es the specific times NM]’
spent get ting on contract for both tllc IPDTS and
(he firs[ technology-validation flight. 1[ can bc
seen that these times are five to lcn titnw shor(er
than [hose fc)r typical contracting praclims.

Shijting  (he Govcrtt))~cf~f-Itldusfry  lntcrJc7cc

In past dcca(ics,  NASA invcsLcd  heavily in build-
ingast] ong infrastructure within industtyso  that
it could provide the technology needed to cx-
ecutc NASA’s space missions. Wc rnus[ X)C)W
capitalize cm this inve-s[mcnt,  which has devel-
oped  to a point where implctncntation  of space
n~issionscall be mrncd over to indus[ry)allowin~
[hesc capabilities [o function wi[hin the con-
stl”aints  of Lhc free market. Govctllmcllt  should
back away from the implcrncntation  aspects  of
the space program and concentrate more on the
re.search and dcvelopmen[  of the technology
needed for imp}cmcntation.  Ideally, govcr-nmcnt
and industry should have a working relationship

Government should focus on developing those
tcchrlologics  t}lat ale too expensive for any onc
member of industt  y to undertake, or that are
nccdcd  only by tlw governmcn[  and do not in
gcncl al have Iittlc if any potential mat-kct appca].
l’hc National  Advisory Committee for Aeronau-
tics (NACA) ald the Atomic Energy Conmlis-
sion (A}:C) labc)t at ories atc good examples of
tlow Lhc govet nlncllt  spearheaded tbc develop-
ment of the aircl aft and nuclear industries in the
early 1950s. These efforts required significant
government mcmies --- sums that were out of
rcacll of industry --- for laboratories and tcs[
facilities. For example, the NACA laboratories
researched basic airctaft design theoretically
and cxperirncntalty  through high-cost wind-
tumlcl testing.  ‘1’hloufih this high-cost t-cscarch,
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the aircraft industry built a snmng,  self-suffi-
cient, and highly compc[itive  infr~s[ructute,
and single organizations wi[hin industry began
to acquire the know-how and technology capa-
bilities for aircraft development.

With the advent of the space program ancl the
star[ of space exploration in the 1960s, the
ail-crafl industry laboratories were already in
place with the needed technologies (o help
implemenl l}~c space missions, and were con-
vcr[ed to NASA laboratories. Also as a conse-
quence of the earlier devclc)pmental  activities,
the technology requirements needed  for the
rapid expansion of the Apollo program in (he
1970s were easily satisfied through the industry
laboratories.

3. CONCHJSIONS

‘1’he Ncw Millennium Program is breaking new
~round  in developing and flight validating the
revolutionary technologies and capabilities that
will be used in ambitious future space and I;arth
science missions. NASA’s plan is to ensure  in-
creased frequency of future missions,  hi?)lcr
science data return, and reduced mission costs.
Innovative management techniques and n~eth-
OCIS of [earning are par[ of the new ways of doing
business in implenwnting  the nation’s science
mission goals. NMP’s IPD1’s operate acl-osss or-
ganizations –– government, industry, and
academia --- with members working togetheT-  to
break down traditional barriers and to quickly
move from technology research to desif}l and
application, to in~plemcntation  in validation
flights.

Emphasis on involving induslry early in the
cievclopnwnt  cycle allows a nmtualIy  cost-ben-
eficial effor[ from the start, with time needed  to
get on contract considerably shortened con)-
pared with traditional rnclhods.  As govcrnrnen[
concentrates on research and development, al-
lowing industry 10 inlplcmcnl misssions, their

combi ncd st renglhs will ensure a more cost-
cffcc[ive  use of public funds in carrying out the
natio~)’s  scierlce endeavors.
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